Objective: To critically review the literature with respect to the effectiveness of worksite physical activity programs on physical activity, physical fitness, and health.
INTRODUCTION
The positive associations between physical activity and health are no longer subject to debate. People who are physically active at a sufficient level obtain a wide array of physical and mental health benefits compared with those who are not active. [1] [2] [3] [4] [5] [6] [7] [8] However, because the majority of adults in developed countries are not physically active to a satisfactory degree, promoting physical activity is of great relevance. 2, [9] [10] [11] [12] Based on the fact that most adults spend about 8 hours a day at their workplace, offering physical activity programs at the workplace can be an efficient way to enhance adults' levels of activity. In the past few decades, programs aimed at increasing employees' physical activity or fitness have become popular in a wide variety of work settings. 13, 14 In the last 20 years, many studies were performed regarding the effectiveness of programs enhancing workers' physical activity or fitness levels. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Also, some reviews were conducted addressing the effectiveness of such programs. 13, [27] [28] [29] [30] However, no systematic review on the effectiveness of worksite physical activity programs (WPAPs) on health-related benefits has been performed, with the exception of the meta-analysis by Dishman et al. 13 Dishman et al. 13 conducted a quantitative synthesis of the literature and concluded that WPAPs have a small, nonsignificant positive effect on physical activity or fitness. 13 However, no other health-related components were evaluated in that review. The purpose of the present review is to systematically assess the effectiveness of WPAPs on physical activity, physical fitness, and health.
METHODS

Study Selection
The following three steps were taken to identify relevant studies published in the English language between 1980 and 2000: 1) a computerized search of MEDLINE, EMBASE, Sportdiscus, CINAHL, and Psychlit; 2) a reference search of studies retrieved; and 3) a search in our personal databases. Table 1 presents the search strategy used. A study was included if 1) the study was a randomized, controlled trial (RCT) or a nonrandomized, controlled trial (NCT); 2) the study population involved a healthy working population; 3) the intervention was a worksite program aimed at enhancing levels of physical activity, exercise, and/or fitness; and 4) the outcome measure included physical activity, health-related fitness, or health.
Methodological Quality and Best Evidence Synthesis
Two reviewers (K.I.P. and M.K.) independently evaluated the methodological quality of the studies by using a criteria list based on the list of the Cochrane Collaboration Back Review Group. 31 An item was scored positive in case of a satisfactory description and the use of adequate methods. Disagreements between the two reviewers were discussed during a meeting to achieve consensus. If they could not reach agreement, a third reviewer (A.J.B.) was consulted to achieve final judgment. To draw conclusions regarding the effectiveness, a rating system consisting of five levels of evidence (i.e., strong, moderate, limited, inconclusive, or no evidence) was applied, which was derived from several existing best evidence syntheses. 30, 32, 33 For the description of the methodological quality criteria and the best evidence synthesis, we refer to Proper et al., 30 who performed a systematic review of the effectiveness of WPAPs on work-related outcomes. Studies were considered to be of (relatively) high quality if more than 50% of the methodological criteria were scored positively. A WPAP was considered to have a positive effect in case of statistically significant results or a relevant effect size (i.e., Ն20% difference between study groups). By taking a relevant effect size into account next to statistical significance, the problem of a lack of statistical significant results due to a lack of statistical power is overcome. By categorizing studies according to a level of evidence, a hierarchical order of design and quality of the studies was created to draw conclusions as to the effectiveness of a WPAP on each outcome measure. For example, in case of two or more high-quality RCTs, conclusions were based on these RCTs only, leading to a conclusion of "strong evidence" in case of consistent results or leading to "inconclusive evidence" in case of inconsistent results, regardless of the results of any other study. However, in the case of only one or no high-quality RCTs, the conclusion of "strong evidence" was not possible, and the conclusion had to be drawn on the basis of this single highquality RCT, eventually in combination with the results of available low-quality RCTs.
RESULTS
Selected Studies
The search identified a total of 772 publications. After reading the title or abstract, 693 publications were excluded. Common reasons for exclusion were the lack of comparison groups, the lack of relevant outcome measures, or an intervention not having its main focus on physical activity or fitness. In addition, 50 publications were excluded for not having met one of the inclusion criteria or because they could not be retrieved. Finally, 29 publications concerning 26 studies were selected. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Tables 2 and 3 present characteristics of the relevant RCTs (n ‫ס‬ 15) and NCTs (n ‫ס‬ 11), respectively. Initially, the two reviewers disagreed on the methodological quality of 30 of the 223 items (13%). Cohen's was 0.72. Disagreement was mainly due to differences in the interpretation of the definition of the methodological quality items and to reading errors. As the two reviewers could reach complete agreement after a discussion session, the third reviewer was not consulted. Table  4 shows the methodological quality score of the studies reviewed. In general, the quality of the studies was poor: six RCTs were of high quality, 15, 16, 24, 26, 38, 39 and none of the NCTs was of high quality. Common methodological limitations of the studies included a poor description of the randomization procedure or an inadequate randomization procedure, inappropriate blinding of the outcome assessor, and/or the absence of an analysis according to the intention-to-treat principle. For the NCTs, either the description or the rate of compliance with the program was also insufficient. 40 Rosenfeld et al., 18 Ruskin et al. 48 (M included in analysis 1. Fitness: HR (semiautomatic sphygmomanometer) and timed run (1.5-mile run) 2. General health: questionnaire regarding psychological components of ill health 3. Blood pressure ? Significant effect of the aerobic program on general health; significant effect of the aerobic and anaerobic program on HR and diastolic and systolic blood pressure (in general for all outcome measures: both the aerobic and anaerobic group showed an improvement, whereas the reference group remained stable) ? Significant differences in body weight in favor of the intensive intervention program; no significant differences among the three intervention groups in physical activity, total cholesterol, HDL, HDL/cholesterol ratio, triglyceride levels, and blood pressure
Effectiveness of Worksite Physical Activity Programs
The studies evaluated the effectiveness of a WPAP on at least one of the following outcome measures: physical activity, physical fitness, or health. Physical fitness was defined as health-related fitness, including cardiorespiratory fitness, muscle flexibility, muscle strength, and body weight and body composition. The health components evaluated were general health, fatigue, musculoskeletal disorders, blood pressure, and blood serum lipids ( Table 5 ). Because the description and the outcomes of each study are given in Tables 2 or 3 , we will focus only on the results of (high-quality) RCTs because they have more weight in the final conclusion regarding the effectiveness of WPAPs.
Physical Activity
Five RCTs, 18, 23, 24, 26, 34 of which two were of high quality, 24, 26 and three NCTs 35, 46, 50 were identified. The first high-quality RCT 24 evaluated the effect of the WPAP at both the midpoint and at the end of the intervention and reported that participants had significantly increased their exercise behavior compared with the reference condition. The other high-quality RCT 26 showed a greater increase of energy expenditure in the intervention group compared with the reference and the diet group. Conclusion: there is strong evidence.
Cardiorespiratory Fitness
Three high-quality RCTs, 15, 16, 38 seven RCTs of low quality, 17, 23, 25, 34, 42, 45, 48 and six NCTs, 19, 20, 21, 35, 41, 49, 50 were identified. Of the high-quality RCTs, two 15, 16 showed a positive effect. Grønningsäter 15 showed a significantly greater increase in maximum oxygen consumption among the intervention group compared with the reference group. Kerr and Vos 16 found significant differences in perceived fitness in favor of the intervention group. However, the remaining high-quality RCT 38 did not confirm these positive findings: no change in maximum oxygen consumption was seen for both study groups. Conclusion: there is inconclusive evidence.
Muscle Flexibility
Four RCTs, all of low quality, 22, 23, 44, 48 and four NCTs 20, 37, 41, 43 were identified. Results of the RCTs were inconsistent. Hilyer et al. 44 showed a significant positive effect of the intervention on lower back and hamstring flexibility. In addition, Lee and White 23 showed relevant effect sizes in favor of the reference group at each posttest. The remaining RCTs 22,48 did not find an effect on muscle flexibility. Conclusion: there is inconclusive evidence.
Muscle Strength
One high-quality RCT, 3 9 three low-quality RCTs, 22, 42, 48 and four NCTs 19, 20, 37, 41 were identified. The high-quality RCT 39 reported significantly increased muscle strength in the training group compared with the reference group. Of the low-quality RCTs, one 42 showed a significant effect on abdominal muscle strength. Although Gamble et al. 22 found significant changes in the experimental group, no significant differences between the intervention and reference group were found. In addition, Ruskin et al. 48 reported no effect of their physical activity program on handgrip strength. Conclusion: there is inconclusive evidence.
Body Weight and Body Composition
Six RCTs, 15, 22, 25, 26, 38, 45 three of which were of high quality, 15, 26, 38 and four NCTs 20, 36, 46, 49, 50 evaluated the effectiveness on body weight. Two high-quality 40 Rosenfeld et al., 18 Ruskin et al. 48 37 NA − − − − − − + − 1 Harrell et al., 41 NA 47 NA RCTs 15, 38 did not find an effect of the program on body weight, whereas Pritchard et al. 26 found a significant difference between groups in change of body weight.
With the exception of the study of Grandjean et al., 25 the remaining low-quality RCTs 22, 45 did not find an effect on body weight. Conclusion: there is inconclusive evidence.
Body composition was defined as the percentage of body fat and/or body mass index. One high-quality RCT, 26 five low-quality RCTs 17, 22, 23, 25, 42 and four NCTs 20, 36, 41, 49, 50 were identified evaluating body composition. Pritchard et al. 26 found significant changes in body mass index and total fat mass in favor of both the diet and the exercise group. Oden et al. 17 reported a significant favorable effect of the exercise program, whereas no effect was found in the remaining four trials. 22, 23, 25, 42 Conclusion: there is inconclusive evidence.
General Health
Three high-quality RCTs, 15, 16, 38 one low-quality RCT, 42 and three NCTs 19, 21, 47 were identified. Although Grønningsäter et al. 15 found a nonsignificant tendency toward a reduction in general health complaints in the intervention group compared with the reference group, effect sizes between the groups appeared to be relevant. In contrast, the remaining two high-quality RCTs showed no influence of the intervention on general health. 16, 38 Conclusion: there is inconclusive evidence.
Fatigue
Two RCTs, both of low quality, 40, 42 were identified. Härmä et al. 42 showed relevant effect sizes in fatigue between the study groups. In addition, Halfon et al. 40 reported a significantly greater increase of mental and physical fatigue in the reference group compared with the intervention group. Conclusion: there is limited evidence.
Musculoskeletal Disorders
Five RCTs 15, 38, 39, 42, 44 and two NCTs 19, 43 were identified. Three RCTs were of high quality. 15, 38, 39 Although Gerdle et al. 38 could not find statistically significant changes in prevalence or intensity of musculoskeletal complaints, effect sizes between the two groups in prevalence of low back pain were considered to be relevant. Grønningsäter et al. 15 found a significant effect of the exercise intervention on both neck and back pain. Finally, Gundewall et al. 39 also observed a positive effect of the intervention on back pain. Conclusion: there is strong evidence.
Blood Serum Lipids
Four RCTs, 15, 23, 25, 45 one of them of high quality, 15 and three NCTs 36,46,50 were identified. None of the RCTs found either significant or relevant effect sizes in serum lipids between the study groups. Conclusion: there is no evidence.
Blood Pressure
One RCT of high quality, 15 one RCT of low quality, 23 and three NCTs 21, 36, 46 were identified. Grønningsäter et al. 15 showed no significant changes in systolic blood pressure. In addition, with the exception of a significant change in systolic blood pressure in favor of the exercise group after 24 weeks, the study of Lee and White 23 showed no significant changes in diastolic or systolic blood pressure between pretest and any of the follow-up measurements (12, 24, and 48 weeks) . Conclusion: there is no evidence.
DISCUSSION
Effectiveness
The purpose of this review was to draw conclusions regarding the effectiveness of WPAPs on physical activity, physical fitness, and health. Our results indicate that the primary goal of such programs (i.e., enhancing general physical activity levels) is achieved. According to the model of Bouchard et al., 7 which describes the relationship between physical activity, fitness, and health, one would expect that this enhancement of physical activity would result in an improvement of cardiorespiratory fitness. However, no such evidence was found. One plausible explanation might be the fact that enhancement of cardiorespiratory fitness requires quite intensive physical activity (at least three times a week at 40 or 50 to 85% of maximum oxygen uptake reserve for at least 20 minutes), 51 and it is likely that participants in WPAPs do not reach this frequency, intensity, and duration. Unfortunately, adherence to the programs was generally poorly reported in the studies, which made it impossible to verify this assumption.
Compared with the literature, our conclusions do not seem to be in line with those drawn by Dishman et al., 13 who concluded that WPAPs have a small, nonsignificant effect on physical activity. However, differences in conclusions are, in our opinion, the result of the different methods used for reviewing. For example, Dishman et al. 13 performed a quantitative analysis, taking into account the methodological quality of the studies included, whereas we used a qualitative method. Also, the criteria used by Dishman et al. 13 to evaluate the methodological quality of the studies were different from ours. Moreover, the types of interventions evaluated in the Dishman et al. 13 review differed somewhat from those evaluated in the present review. In the present review, only worksite interventions with a primary focus on stimulating the level of physical activity or fitness were included, whereas Dishman et al. 13 included programs with a more comprehensive training regimen as well. Thus, the methods used are of relevance in interpreting the conclusions.
Another important finding of this review is the strong evidence for the effectiveness of WPAPs on reducing musculoskeletal disorders. The literature regarding the associations between physical activity, physical fitness, and low back pain, for example, shows contradictory results. Videman et al. 52, 53 reported that physical activity seems to have a dual role, imposing a positive and negative influence on the spine. In addition, a recent review of epidemiological literature on the relationship between physical activity and musculoskeletal morbidity showed inconsistent results, 54 leaving the question of whether the promotion of physical activity could be an attractive additional preventive strategy in reducing musculoskeletal morbidity at the workplace unanswered. Although it is unclear how the structural changes and (musculoskeletal) symptoms are related, 55 this review indicates that the implementation of a WPAP may be a promising component of a strategy aimed at reducing or preventing musculoskeletal disorders.
With the exception of fatigue, we found no (conclusive) evidence that a WPAP has positive effects on other health-related outcomes. With respect to body weight or body composition, our findings seem to be in contrast with the pertinent literature. [56] [57] [58] This contradiction may be explained by the fact that the populations in the studies we reviewed were generally healthy, nonobese employees; therefore, benefits on body weight or body composition would presumably be small. Another plausible explanation for this contradiction can be attributed to the significant increases in physical activity due to WPAPs not being of sufficient magnitude to affect body weight and body composition.
Methodological Quality of the Studies
This review shows that the majority of the studies on the effectiveness of WPAPs had methodological shortcomings. Major problems included the lack of a sufficient description of the randomization procedure, blinding of the person performing the measurements, and absence of an intention-to-treat analysis. As several studies have provided empirical evidence that trials with inadequate methodological approaches or incomplete descriptions of procedures, particularly concerning concealment of treatment allocation and blinding, are associated with bias, [59] [60] [61] future investigators should pay attention to these aspects. Finally, it is worth mentioning that almost all of the studies applied self-reported data for the measurement of physical activity and health outcomes and therefore lacked the use of objective, more valid measures. If more objective instruments had been used, results regarding the effectiveness might have been different. However, because there was only one study 34 that applied an objective physical activity measure, we were not able to investigate a possible influence of such measure. Finally, particularly among the NCTs, the description of, or the rate of compliance with, the program was insufficient. In cases in which there was a lower compliance rate with the program than was prescribed, an underestimation of the results might have occurred. Thus, both from the employee's and the researcher's perspective, adherence to the intervention should be supported.
CONCLUSION
There is strong evidence for a positive effect of a WPAP on physical activity and musculoskeletal disorders, limited evidence for a positive effect on fatigue, and inconclusive or no evidence for a positive effect on cardiorespiratory fitness, muscle flexibility, muscle strength, body weight, body composition, general health, blood serum lipids, and blood pressure. The method-ological quality of most studies evaluating the effectiveness of WPAPs is generally poor. Future studies should pay attention to the description and performance of the randomization, blinding of the outcome assessor, compliance, and intention-to-treat analysis.
